
1. EXPERIMENTAL 60-kc standard frequency 

tcolo.) Laboratories of the Bureau. is opening up  
several interesting applications, some of which are 
alreadv in use. A. I I .  Morgan, Chief of the Radio 
Broadcast Service Section of the XBS Radio Stand- 
ards Laboratory. is supervising the experiment. 

The Eureau has been broadcasting standard fre- 
quencies since 1923. when radio was in its infancy 
and very few people owned radio receivers. Through 
the years higher power and more frequencies ha\-e 
heen added until at  present the NRS standard fre- 
quency broadcasts are on six high frequencies (2.5. 
,j. 10. 13. 20- arid 25 \IC I at TVn'V. Beltsbille. Jlary- 
iarid: and on three 1 3 .  10. aiid 15 3fc I at K'KI,.H. 
\laui. Territory of Hawaii. I ~ p  to IO kw a re  radiated 
, ~ n  wine of the freyuencies. Specialited radio re. 
ceix-ers for these broadcasts have heen commerciall!- 
si-ailahle for many !-ears. 

lleasurenients by the Boulder Laboratories and 
tkthers have revealed that the regular standard broad- 
casts at high frequent!- ( H F  I are subject to changes 
in frequency as they triibel au a! from the transmitting 
antenna. These changes are caused by disturbances 
in the propagation medium. and the errors introduced 
may at times amount to &3 parts in 10;. This is 
sufficient to make these H F  broadcasts unsuitable for 
inany- applications. e. g.. rapid assessment of drift in 
the manufacture of high-precision quartz resonators. 
intercoinparison of frequency 5tandards. and accurate 
time rneasureniettt or s! whrirnization of events at  two 
o r  more locations which ma>- be separated by thousands 
of miles. Two techniques are now available for pre- 
cise frequency- calibration. but both have limitations. 
One such technique. employing time comparisons. re- 
quires expensive terminal apparatus and a measurement 

4 broadcast, begun July 1, 1956. a t  the Boulder 
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Antenna structural used by the Bureau for experimental 
standard frequency broadcast at 60 kc. The location is 
about 1 mile east of the Flatiron Mountains, a part of the 
front range of the Rocky Mountains. Five 125-foot 
poles, one on each corner of a square and one in the 
center, support the wires of the antenna. Tuning house 
is near the center pole. 

time that extends over 1 to 10 days or e\-en longer. 
The other makes use of a ground wale  near the trans- 
mitter. This introduces an e r ror  in propagation of 
less than 1 part in 10". but is useful only- tc, ahorit 20 
miles from the transmitter. ;\t distances of greater 
than 20 miles the skywave must be used. and calibrations 
made by means of this wave are  not adeqate for the 
ever increasing precision required by an  expanding 
scie!ice and ~ ~ ' c I I L L v I u L ' ! ~ .  

T o  meet this urgent situation. R-. D. George. Acting 
Chief. Kadiu Standards Laboratory. i::itiated 3 plan to 
begin the experimental broadcasts at >rveral lotv or 
verv low frequencies. The 60-kc frequency is being 
put into use first under the call sign, IiIi2XEI. 

The principal reason for stud! ing standard frequency 
broadcasts at frrquencies below about 100 kc is to 
dctrriuine a practical method t\ hereby thp radio p r o p -  
gation errors are minilnized and users may accomplish 
high-accuracy frequencj- comparisons in a shorter meas- 
urement time. LTsers also need a better time or phase 
reference to precisell- measure the time l)ctt\ e r n  events 
that happen in relatively short intervais. for example. 
in measuring the velocity of rapidl)  moving waves or 
oh j ects. 

Sereral ini~estigators. among thein Professor J .  A. 
Pierce at H a n a r d  L-nix-ersit?. have shown that for 
frequencies below 100 kc and for distances of .J.oC)O 
km and greater. it requires only about 10 niin to 
compare local frequencies with standard frcquenc!- 
t r ansmis iow to within 1 part in 1W. This is an  
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Alroce: Interior of the tuning house near the antenna 
hase, showing the tuning coils used in efficiently tram- 
ferring power from the transniitter (ahout 3.000 f t  away) 
via an overhead transniission line to the antenna. 
Below: John Milton of the S B S  Boulder Laboratories 
points to a 2,000-w output amplifier in the experiniental 
60-kc transmitter. Control frequency from the national 
standard is fed to the transmitter via a 1,500-fe transmis- 
sion line. 

iniprinmitvit o f  i i i ore  than 100 over what call be ob. 
tainrd at IIF. Professor Pierce has carefully deter. 
mined that a high-accuracy standard frequency wrvice 
can be piten for all the world on  a single very low 
frequency from a single high-power transmitter.' 

The experimental broadcast on 60 kc, although on 
low power. has already presented several intriguing 
possibilities. With the cooperation of Professor Pierce, 
it has been possible to compare the KBS primary fre. 
quency standard. broadcast on 60 kc, with the British 
standard which is broadcast on 16 kc and 60 kc, to an 
accuracy of comparison that is better than 2 parts in 

since the broadcasts began last July. Results for the 
month of January 1957 are  shown in table 1. Regular 
measurements on the 60-kc broadcast are now being 
made by several groups in the eastern United States. 

The most challenging project will be an attempt to 
compare the Boulder Laboratories' atomic-frequency 
standard. which is much more stable than 1 part in lo9, 
with those in England and elsewhere. This will be 
undertaken as soon as possible. It is estimated that 
an accuracy of comparison of better than 1 part in 1 
billion can he attained. 

Tests with the experimental low-frequencv standard 
broadcast will provide information not only on the 
ultimate stability of the received waves, but on possihle 
ways of improving the standard frequency broadcast 
services. A high-power VLF station would be very 
expensive hut probably less so than a network of 
HF or VHF stations which would be needed to give 
a frequeiicv aiiJ p h a ~  staiidalJ "I high acc-iiidcy at 
all times and places on the earth. 

1 billion. This has been done almost continuously 

' Intercontinental fwqtienc?; coniparibon b r  VLF radio 
tran-mission ~ P r o c .  IRE, Special I -LF  issue to be pub- 
l ished in 1957) .  
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